
NASA TT F-8608. 

ST - 10 022 

ON THE ANALOGY OF CELESTIAL BODIES AND MORE PARTICULARLY 

OF ARTIFICIAL EARTH'S SATELLITES 

WITH GYROSCOPIC SYSTEMS 

by 

Robert Genty 

t/ 
=! 2 (NASA CR OR TMX OR AD NUMBER) (CATEGORY) 
I& 

"NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON JULY 1963 



DRaFT TRANSLATION 
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-.-- ANNOTATIONS: is a constant  = 0.001 623 4; S is the  

r a d i u s  vec tor  of  a cu r ren t  po in t  of  o r b i t ;  S1 is t h e  semi-great 

' a x i s  of the  o r b i t ;  SO i s  t h e  t e r r e s t r i a l  e q u a t o r i a l  r ad ius ;  is 
t h e  i n c l i n a t i o n  of  the  o r b i t  plane t o  the  t e r r e s t r i a l  equator ;  g 
i s  t h e  mean d a i l y  motion of  t h e  s a t e 1 l i t e ; p  is the  Newtonian 
E a r t h ' s  a t t r a c t i o n  cons tan t ;  ( V  - a)  is the  argument of  S; ,a is 

o f  e l l i p s e ' s  g r e a t  axis w i t h  t he  normal t o  the  nod Line s i t u a t e d  

i n  t h e  orbi't p lane;  6 is the  t e r r e s t r i a l  constant ;  (Q is the  l a t i -  

tude of y ; K = \ /pS1 (1 - e 2 )  5s thk a reas '  cons tan t ;  
angle at C of t he  t r i a n g l e  ABC. 

is t h e  B 
The problems of  space r a i s e  be fo re  a s t r o n a u t i c a l  engineers  

and t echn ic i ans  some d e l i c a t e  problems of o r b i t  modif icat ions and 

even of  o r b i t a l  plane modif icat ions.  However, t h e  var ious  ques t ions  

concerning the  gyroscope a r e  f a m i l i a r  t o  t h i s  personnel ,  o f t e n  

o f  a v i a t i o n  background. 

It appeared i n t e r e s t i n g  t o  us  t o  show t h a t  t he  p r o b l e m  

o f  s p a t i a l  evolu t ion  a r e  e a s i e r  t o  approach i n  t h i s  way r a t h e r  than 
by c l a s s i c z l ,  bu t  far  more corxplex means of C e l e s t i a l  Mechanics. 

D e  1 analogie  des  corps c61Bstes e t  p lus  par t icu l iz reu ien t  des  mteL- ' l i t e s  a r t i f i c i e l g  de l a  Terre  & des syst'emes gyroscopipues. 3 
Note presentey;! . -- - by 1.1. P i e r r e  T a r d i .  
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A s  a mat te r  of e x m p l e ,  we s h a l l  show h e r e a f t e r  t h a t  t h e  

c e l c u l a t i o n  of the  d a i l y  v d u e  of  t h e  l i n e  of o r b i t  nodes of a 
s a t e l l i t e  under the  e f f e c t  of  t he  E a r t h ' s  e a u a t o r i a l  f ' f lange" 

can be e a s i l y  conducted i n  t h i 5  manner. ' 
Such c a l c u l a t i o n  method. h a s  been used  by s e v e r a l  au thors  

( R Q s a l ,  Bruhat,  Tard i ,  e t c . )  t o  s tudy  the  p e c u l i a r i t i e s  of t e r r e s -  
trial r o t a t i o n  under luna r - so la r  e f f e c t ,  by l i m i t i n g  themselves t o  

p r i n c i p a l  terms ( t i l l  one t e n t h  o f  a second of  the  a rc ) .  

The gyroscopic image remains v a l i d ,  y e t  being more d e l i c a t e  

f o r  an a r t i f i c i a l  s a t e l l i t e  r o t a t i n g  around t h e  c e n t e r  o f  t he  Ear th .  

The k i n e t i c  moment of t h i s  system is cons tan t  and equal  t o  a reas '  

cons tan t  K = V y S ,  ( I - & )  
t o  do w i t h  a t r u e  gyroscope. 

and everything goes on as i f  we had 

We accept as e s t ab l i shed  the  c l a s s i c a l  formula E 1 1  

and we propose t o  a r r i v e  a t  t h a t  formula by a p p l i c a t i o n  of the  gyro- 
, scope theory .  

The Figure shows very schemat ica l ly  t h a t  t h e  e lementaw 

fo rces  of a t t r a c t i o n ,  t r a n s l a t i n g  the  Newtonian a t t . rac t ion  of t h e  
"flange" on the  a r t i f i c i a l  s a t e l l i t e ,  a c t  by t h e i r  normal components 

a t  the  orb i ta l .  p l ane ,  downward and at t h e  r i g h t  o f  t h e  node l ine  
and upward t o  t h e  l e f t  o f  t h a t  l i n e .  It r e s u l t s  therefrom, t h a t  f o r  

one convolution of  t h e  moving bod-y, t h e r e  appears a pe r tu rba t ion  

couple ,  whose moment is borne by the  l i n e  of  nodes. The ex t remi ty  

o f  the  k i n e t i c  moment of' t h e  system is thereby animated of a velo- 
c i t y  equ ipo l l en t  t o  t h i s  moment, and i t  t h u s  desc r ibes  a c i r c l e  of 
r ad ius  K s i n  i i n  a plane p a r a l l e l  t o  t h e  equator  at t h e  d i s t a n c e  

K cos i from t h e  l a t t e r .  The o r b i t  plane is t hus  s u b j e c t  t o  a motion 

i n  space ,  such t h a t  i ts  i n t e r s e c t i o n  w i t h  t h e  equator  ( l i n e  of nodes) 

r o t a t e s  around the  c e n t e r  of t h e  Ea r th  with an angular  v e l b c i t y  
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dh/d t  which thus has  t o  be computed, knowing o u t r i g h t  t h a t  i t  has  
t o  be equal  t o  t h a t  of t he  ex t remi ty  of t h e  k i n e t i c  moment. This  

angular  v e l o c i t y  is easy t o  o b t a i n  by e f f e c t i n g  t h e  quo t i en t  of t h e  

l i n e a r  v e l o c i t y  of th:it po in t ,  a f t e r  all equal  t o  t h e  moment of  t h e  

p e r t u r b a t i n g  couple,  by t h e  r a d i u s  of the c i r c l e  K s i n i .  
Now i t  remains t o  compute the  moment of t he  couple. To t h a t  

e f f e c t ,  we make EaFpear at a cu r ren t  po in t  y of the  t r a j e c t o r y  t h e  

perturbation c o q o n e n t ,  normal t o  o r b i t  plane N ,  which is obtained 
the  second term ( l a t i t u d e  func t ion  j of t he  e x p r e - s i o n  

of t e r r e s t r i a l  g r a v i t a t i o n  p o t e n t i a l ,  a long t h e  meridian of the  p o i n t  

considered., and by p r o j e c t i n g  the  r e s u l t  of  t h i s  d e r i v a t i o n  perpen- 
d i c u l a r l y  t o  ' the o r b i t  plane.  We have for t he  elementary moment NS: 

by t r igonone t rdca l  tra.nsformation i n  the  t r i a n g l e  ABC of t h e  Figure.  
0 

The moment o f  the  p e r t u r b i n r  couple being borne by the  l i n e  

o f  nodes, i t  i s  appropr ia te  t o  take  i n t o  cons idera t ion  only  the  pro- 

j e c t i o n  M of  t h e  elementary moment NS on t h a t  l i n e ,  say 

I .  . 11 = - s': - 3111 3 I GCl$ Y. 
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Transforming t h i s  expression w i t h  t h e  a i d  of c l a s s i c a l  

formulze of  t he  Repler ian  movement, we have 

expression which me s h a l l  i n t e g r z t e  while preserv ing  only t h e  term 
propor t iona l  t o  01 and neg lec t ing  the  p e r i o d i c a l  terms. 

The computation of E is made as a func t ion  of c l a s s i c a l  
forpulae w i t h  t h e  i n t e r v e n t i o n  of t h e  p o l a r  and e q u a t o r i a l  i n e r t i a  
moments and of the  mass of t h e  Ea r th ,  t oge the r  w i t h  the  un ive r sa l  

g r a v i t a t i o n a l  constant .  Once a l l  c a l c u l a t i o n  opera t ions  are completed, 

we have, by g iv ing  9 

degrees : n , t h e  mean d iu rna l  movement of  t h e  satpl-l-ite ( s o  as t o  
permit a r r i v i n g  a t  formudl (1) ): 

the  value corresponding t o  24 hours, say  i n  

It. = - o.0~1.  6 j 4  2(5) - cos/. e gre es /d ay s, ( I  -&)* 

The gyroscopic analogy becomes an i d e n t i t y  i n  the case o f  

a c i r cu lax  o r b i t ,  which is a frequent  case i n  the  c u r r e n t  s p a t i a l  

f i e l d .  

T rans l a t ed  by ANDRE L, BRICKaNT 

f o r  t h e  
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